In this paper, observed climate change impacts in the country were collated and tabulated to provide the baseline information on the prevalent climate hazards associated with the impacts. Available climate and socio-economic datasets for the country were then subjected to the GeoClim software analyses in order to generate the spatial patterns of exposure, sensitivity and adaptive capacity parameters. Composite layers of these parameters were overlayed to generate the vulnerability map. Finally, effectiveness of the country's existing policies and capacities in addressing the vulnerabilities has been evaluated. Results have revealed that the entire country is vulnerable. However, the Northern parts as well as the Southern tip of the coastal strip are the most vulnerable. Flood and drought hazards result in the greatest impacts to the Kenyan society. Significant gaps and weaknesses have been observed in the existing policies and capacities which render them inadequate to effectively address the vulnerability. It is concluded that the country urgently requires a raft of measures to address the current and future vulnerabilities presented by climate change.
because of their poverty; with about 46% of the population classified as poor [1] .
The reliance of the majority of the population on rain-fed agriculture and livestock production puts them in a vulnerable position first because of the negative impacts that adverse weather conditions have on their production systems and also due to fluctuating market prices for their produce, both locally and internationally.
Mean annual rainfall in Kenya follows a bimodal seasonal pattern with the long rains generally occurring in March to May, while the short rains occur in October to December. These seasonal patterns have become unreliable resulting in frequent crop failures. Most farmers also lack relevant weather forecast data and information that would assist them to reduce their losses and/or to diversify to more suitable crops, such as drought resistant crops during the dry periods and the slow-maturing varieties when the conditions are wetter than normal.
In general, therefore, climatic fluctuations have significant impacts on Kenyan society, via agriculture, food security, water, health, natural disasters and the environment. Climate thus sits at the nexus of two principal concerns, poverty and sustainable development. For instance, extreme climate events in the country are often associated with very severe socio-economic impacts that include lack of food, water, energy, and many other basic needs including destruction of infrastructure as well as loss of lives. Such impacts have tended to retard socio-economic growth of the country with the ultimate enhancement of poverty.
Vulnerability mapping, climate monitoring, prediction and timely early warning of the extreme climate events are therefore, some of the best strategies for mitigating their negative impact on humanity, property and the environment as well as taking advantage of any positive impacts. Accurate and timely information on the characteristics of the extreme climate events including the associated vulnerabilities are, therefore, crucial inputs in sustainable development planning. This paper, therefore, addresses the vulnerability and impacts aspects with the goal of generating knowledge necessary to inform the allocation of resources as well as developing policies and adaptation plans for vulnerable areas, sectors, groups, etc., to aid in minimizing climate change risks in the country.
"Climate change vulnerability" is the degree to which a system is susceptible to adverse effects of climate change including climate variability and extremes. It is driven by dimensions of exposure, sensitivity, and adaptive capacity. In other words, it is a function of these three parameters as presented in Equation (1) and empirically in Equation (2) .
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where: V = Vulnerability to climate change, E = Exposure to climatic stimuli, S = Sensitivity to climatic stimuli, A = Adaptive Capacity.
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Objective, Scope and Data

Objective
The overall objective of this paper was to undertake an assessment of the vulnerability and impacts of climate variability and climate change in Kenya. This entailed the assessment and mapping of climate related natural hazards and the associated impacts as well as vulnerability to the current and projected climate change on various populations and socio-economic services in the country.
The specific objectives included:
1) Gather and document information on prevalent climate related hazards in the country.
2) Document sectoral impacts (physical, human, structural and socio-economic) of the identified hazards.
3) Determine the vulnerability of the country to the climate induced hazards.
4) Identify any existing gaps (in policies and capacities) which may be contributing to these vulnerabilities.
5)
Recommend appropriate mechanisms/strategies for addressing the vulnerabilities in the country.
Scope of the Study
The climate change vulnerability and impacts assessment covered the entire country including the following five sectors which are crucial in the socio-economic development of the country:
1) Agriculture and food security.
2) Water, aquatic ecosystems and infrastructure.
3) Health including sanitation and Human settlements.
4) Terrestrial ecosystems including forestry and tourism. 5) Energy and infrastructure.
Data
Two types of data sets were used in this assessment namely:
1) Climate data: Point rainfall data covering the period 1960 to 2014. The data was for 39 synoptic meteorological stations spread over the country and was obtained from the Kenya Meteorological Department (KMD). This dataset was used to determine the exposure parameters.
2) Socio-economic data: Population density statistics; Poverty indices; access to improved sanitation; Literacy levels; and Access to Health Infrastructure. This data was for all the 47 counties of Kenya and was obtained from the Commission on Revenue Allocation [2] . The data set was used to determine Sensitivity and Adaptive capacity parameters.
It is pointed out here that many parameters determine both sensitivity and adaptive capacity of systems. However, data on majority of these parameters in 
Vulnerability Analysis
This was undertaken by the use of the GeoCLIM Software [3] . 
Treatment of the Socio-Economic Data
Available sensitivity parameters data (population density, poverty indices and access to improved sanitation) has been tabulated for the representative county points followed by the generation of layers of the spatial characteristics of each of these sensitivity parameters. The available adaptive capacity parameters data (literacy levels, access to health infrastructure) have also been subjected to the same procedure to generate the respective spatial layers.
Vulnerability Mapping
Vulnerability mapping of the elements has been effected on the composite spatial indices of vulnerability developed based on spatial data layers representing the different components of vulnerability (exposure, sensitivity and lack of adaptive capacity). These indices are produced based on averaging/adding normalized indicators (i.e. Variables whose value ranges have been standardized in order to make them comparable to one another). The components of the vulnerability index were as follows:
1) Exposure = sum (all exposure input variables), giving the overall exposure layer.
2) Sensitivity = sum (all sensitivity variables), giving the overall sensitivity layer.
3) Adaptive Capacity = sum (all adaptive capacity variables) giving the overall adaptive capacity layer.
The index of overall vulnerability is then given as:
4) Vulnerability = exposure + sensitivity + lack of adaptive capacity.
The final generation of the maps was effected by importing and mapping components and overall vulnerability index using the ArcGIS software.
Literature Review
A number of studies have been undertaken in the country that are related to the current study but have not adequately addressed the issue of climate change vulnerability and impacts assessment, which is the subject of this paper.
Climate Network Africa [4] has documented the potential impacts of climate change in Kenya in a number of sectors including: energy, water resources, biodiversity, forests, wildlife and tourism, agriculture, and human health.
The Drought Monitoring Centre-Nairobi (DMCN) [5] shocks and the management practices that ensure resilience of the communities.
The project was intended to build a partnership between the climate scientists and traditional climate forecasters and rainmakers in Kenya with a view to improving the dissemination and application of climate outlooks in the country so as to enhance resilience. The report has useful information for understanding the traditional methods used not only for predicting seasonal rains, but also for mana-ging associated disasters.
A Drought Post-Disaster Needs Analysis (PDNA) was conducted in Kenya [7] at A study on the "Economics of Climate Change in Kenya" [9] funded by DFID and DANIDA and undertaken by the Stockholm Environment Institute (led by the Oxford Office, in conjunction with the SEI office in Nairobi) together with international and local partners, has assessed the impacts and economic costs of climate change, the costs and benefits of adaptation and pathways of low carbon growth for Kenya on a number of sectors including coastal zones; agriculture; energy; health; extreme events; water resources; and ecosystem services. The outcome of the study provides the following key messages for the country:
1) Existing climate variability has significant economic costs in Kenya.
2) Future climate change will lead to additional and potentially very large economic costs.
3) Adaptation can reduce the economic impacts of climate change but it has a cost. The costs of adaptation are still emerging and are uncertain. However, this does not mean that no action should be taken. Instead it requires more robust strategies.
The Kenya Government and DMCN [10] undertook a study to enhance the capacity of the country to manage and cope with flood related disasters. The country had identified that there was a need to assess the vulnerability of the population living in the flood prone areas of Kenya, develop risk zone maps, review, collate and synthesize all studies/activities related to flooding in western Kenya and also to examine the reasons for continued flooding despite numerous past studies/activities among others.
Mombasa city has a long history of frequent natural disasters associated with extreme climatic events. A GIS based study [11] , provides a first quantitative estimate, both now and through the 21st century, of the number of people and associated economic assets exposed to coastal flooding due to sea level rise and storm surges. It gives a good indication of the potential impacts that the city might experience and indicates the magnitude of impacts which need to be considered in planning decisions. The analysis shows that the projected socioeconomic change and the location of population growth play a significant role in the overall increase in population and asset exposure to extreme water levels. This study concludes that significant numbers of people in Mombasa are, and will continue to be, vulnerable to flooding due to extreme water levels during this century.
However, forward planning to address projected population growth can reduce exposure levels to a significant degree. Appropriate adaptation measures, such as the construction of defenses, can be expected to reduce the flooding risk but this was not considered as part of this study.
Otiende [12] has undertaken a case study to assess the physical and economic 
Results and Discussions
In this section, results are systemically presented and discussed on the basis of the objectives already outlined.
Situational Analysis
Baseline Information
Kenya experiences a number of natural hazards, the most common being weather related. These are, on their own, not harmful. However when these natural hazards interact with people and systems, they are likely to cause damage of varying magnitude resulting in a disaster. Disasters thus occur when the natural hazards interact with vulnerable people, property, and livelihoods causing varying damage depending on the level of vulnerability of the individual, group, prop-erty or livelihoods as summarized in Table 1 (a) below for hazards commonly experienced in the country. It should be pointed out here that floods and drought are the most common hazards in the country and result in the greatest impacts to society.
Documented Impacts Including Economic Costs
The impacts are assessed with reference to the sectors provided in the scope of this study. It is noted that specific in-depth assessment of impacts has not been systematic in the country. It is undertaken on an Ad hoc basis, in form of case studies and targeting one or few of the sectors depending on the funding level and also the interest of the donor of the funds. As a consequence, the results presented here relate only to those assessments that have been carried out in the country and relate to any of the sectors as depicted in Tables 2-5. 1) Agriculture and food security including livestock and fisheries.
2) Water resources sector.
3) Public health, infrastructure and agriculture. 
Vulnerability Assessment
Determinants of Vulnerability
Based on the method of determining vulnerability as described in Section 3.2, the following parameters were computed:
Exposure parameters 1) Mean annual total rainfall.
2) Mean coefficient of annual rainfall variability.
3) Mean annual rainfall trend.
4) Mean annual Decadal rainfall changes (2001-2012 minus 1981-2000)
. Reduced industrial production (a) Loss of production 110,000
Water supply 2) County poverty indices.
3) County population access to improved sanitation.
Adaptive parameters 1) County literacy levels (population that can read and write).
2) County population access to healthcare facilities.
The spatial patterns of these parameters as generated by the GeoCLIM soft- northern Kenya has the least capacity to adapt to climate induced hazards compared to the rest of the country. The county's vulnerability (Figure 1(n) ), is the composite of overall country exposure, overall country sensitivity and overall country lack of adaptive capacity (Figure 1(f), Figure 1(j), Figure 1(m) ). It is observed from this figure that much of northern Kenya and southern tip of the coastal strip are highly vulnerable to climate induced hazards compared to the rest of the country. This translates to high vulnerability of people, property and livelihoods in these areas.
Central and Western Kenya exhibit the least vulnerability.
Sectoral Vulnerabilities
It has been established in this study that floods and drought are the common hazards in the country that account for the greatest impacts to society. Excess (floods) or deficits (drought) of rainfall are, therefore, the climate extremes considered as contributing to the vulnerabilities in all the five sectors which are crucial to the socio-economic development of the country. Table 6 provides a summary of the likely impacts on these sectors as a consequence of the climate change vulnerabilities. The information is necessary with regard to the formulation of policies and strategies to moderate or minimize the impacts. Likelihood of floods disrupting normal production and distribution of essential petroleum products such as cooking gas and other fuels to isolated areas that heavily rely on such commodities for their energy supply as a result of roads being impassable
Floods will lead to increased sedimentation and hence frequent breakdowns of turbines at the power stations, causing frequent power cutting and therefore reduced industrial activity. Such floods are also destructive to both animal and plant life, which translates to a reduction in biomass production (note that over 80% of energy used in Kenya for domestic activities is biomass based) flood levels also hampers the process of flood risk management in the country.
Community Participation and Sensitization
The Kenyan community has not been sufficiently sensitized on disaster management including for example flood risk management in the country's floodprone regions. Lack of flood risk information at the community level especially, in preparedness and coping mechanisms is a major setback to long-term flood risk reduction strategies. For instance, river in e communities are not informed on the importance of maintaining dykes in dry seasons to avoid flooding during wet seasons. The communities are also left with no options of where to evacuate to in the event of a flood. This is further aggravated by high population that forces people to invade river banks due to pressure on scarce land.
Infrastructural
There are significant institutional weaknesses that pose major infrastructural challenges. For instance, there is a limited hydrological observation stations to monitor flood levels. Over the years, there has been a deterioration in the condition of the river gauging stations due to lack of regular repairs and preventative maintenance after major flood events such the 1998/98 El Niño flood. Automatic data sensors also lack frequent recalibration.
Conclusion and Recommendations
Conclusion
This study has revealed that Kenya is vulnerable to the impacts of climate variability and change. The vulnerability, however, varies across the country depending on the degree of exposure, sensitivity and adaptive capacities of systems in the respective areas of the country. Floods and drought account for the greatest impacts which have resulted in enormous economic losses, destruction of property and loss of lives as well as livelihoods. The country therefore, urgently needs to put in place a raft of measures (in terms of policies, regulations and institutions) that will minimize the exposure of systems as well as enhance the adaptive capacities.
Recommendations
1) Despite the many and varied negative impacts, climate change also presents opportunities to government, businesses and the public at large. Above all, climate change represents an opportunity to catalyze realignment of Kenya's development model to one that is climate resilient, based on lower GHG emissions and takes full advantage of the green economy. By focusing on vulnerable groups and building resilience, development can be achieved that simultaneously addresses poverty, food insecurity and unemployment concurrently with climate change.
2) Climate finance flows and carbon assets mechanisms present an opportunity to access new and additional levels of funding. For government, this means accessing international financing for ambitious climate resilient and low emission development programmes while for the private sector this can entail engaging in projects to generate carbon credits for sale in international markets, exploiting new green economy opportunities and the creation of green jobs.
3) The introduction of a devolved system of government provides a new opportunity to reorganize climate change governance by ensuring the climate change responses are mainstreamed into the functions of the national and county levels of government, and by facilitating the effective participation of citizens in climate change governance. 
